X 



2 4)eBpaji5i 2009 r. 

Optical Identifications of 230 HIPASS Radio Sources 

I. D. Karachentsev,^ D. I. Makarov/'^ V. E. Karachentseva,^ and O. V. Melnik^ 

^Special Astrophysical Observatory, Russian Academy of Sciences, 

■ Nizhnii Arkhyz, 357169 Karachaevo-Cherkesskaya Republic, RussiiZ 
^ . ^Invited researcher in Lyon Observatory, Lyon, France 

I ^Astronomical Observatory, Kiev National University, 

' Observatorna vul. 3, Kiev, 04053 Ukraine 

we p.e.e„t the coo.^nates. apparent .a^..„de. and .„.ph„l„g.c^ t^e. f„. 
^ I 230 galaxies presumably identified with HIPASS (HI Parkes All-Sky Survey) sources. 

■ The new optical counterparts of the HIPASS sources follow the well-known statistical 
Q , relationships between the hydrogen mass, luminosity, and type of galaxies. Low- 
^ ' surface-brightness galaxies constitute a significant fraction among these objects. The 

median value of the hydrogen mass-to-luminosity ratio for them is a factor of 2 or 3 
^ . higher than that for bright HIPASS galaxies, reaching I.TMq/L©. A number of our 

^ : 

l/^ I objects are located near the boundary \og{MHi/LB) = 0.2{Mb + 20) that defines 
(N ■ 

O ' the zone of gravitational stability of disk galaxies against large-scale star formation. 

^ ■ Key words: dwarf galaxies, galaxy evolution, interstellar gas in galaxies. 
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I. INTRODUCTION 

The blind survey of the southern sky in the 21-cm HI line carried out with the 64-m radio 
telescope in Parkes (Australia) has revealed 4315 radio sources. The catalogs of HIPASS 
sources vi^ere published by Meyer et al. (2004), Koribalski et al. (2004), and Henning et al. 
(2000). The effective depth of this survey in radial velocities is ~ 3000 km s~^, i.e., most of 
the HIPASS sources are located in the Local Supercluster. 

Numerous optical identifications of HIPASS objects vs^ere made by Staveley-Smith et 
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al. (1998), Ryan- Weber et al. (2002), and Doyle et al. (2005). The latest list of optical 



identifications (http://hipass.aus-vo.org) contains probable optical counterparts (galaxies) 
for 3618 HIPASS sources, i.e., 84% of their total number. The remaining 16% of the objects 
have no optical identifications for various reasons: (a) two or more galaxies fall into the wide 
(~ 15') beam of the radio telescope; (b) objects are located at low Galactic latitudes in the 
zone of strong absorption; (c) a HIPASS source is a dwarf galaxy rich in gas but with a very 
low surface brightness similar to those detected by Karachentseva and Karanchentsev (1998), 
KK, Karachentseva and Karanchentsev (2000), KKs, and Karachentsev et al. (2000), KKSG, 
during an all-sky survey on POSS-II images is a HIPASS source. Recently, Wong et al. (2006) 
published a northern extension of the Parkes Survey to a declination of +25.5°, bringing the 
total number of HIPASS radio sources to 5317. For some of the northern HIPASS sources, 
theNASA Extragalactic Database (NED) gives identifications without any reference to their 
origin. 

When preparing the list of galaxies within the Local Supercluster (with radial velocities 
up to 3800 km s~^), we paid attention to the unidentified HIPASS sources. To supplement 
our list, we made an independent optical check for more than 500 HIPASS sources, which 
added over 200 more identifications. In this paper, we present data for 230 identified HIPASS 
sources, leaving without comments the cases where no optical counterparts were found. 



II. RESULTS 



When examining the Digitized Sky Survey areas with unidentified HIPASS sources, we 
took into account the intensity and width of the 21-cm line as well as the position of a 
particular galaxy relative to the position of the HIPASS object. We excluded the cases of a 
possible identification with several suitable optical galaxies. For each galaxy, we determined 
its morphological type T by taking into account its B and R brightness and visibility in the 
2MASS survey as well as its total apparent B magnitude from comparison with the images 
of other galaxies of a similar structure with known magnitudes. Occasionally, we included 
galaxies with previously made identifications in our list by adding our own estimates of the 
morphological type and magnitude. Our identifications of 230 HIPASS sources are given in 
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the tabled The columns of the table contain the following data: (1) HIPASS source name; 
in several cases, we added objects from the HIZOA (Donley et al. 2005), HIDEEP (Minchin 
et al. 2003), and HIJASS (Lang et al. 2003) surveys; (2) coordinates of the optical galaxy 
for the epoch 2000.0; (3) heliocentric radial velocities from the 21-cm line in km s~^; (4, 
5) full width at half maximum (FWHM) of the 21-cm line, in km s~^, and flux F in the 
21 cm line, in Jansky km s~^, taken mainly from HOPCAT (Doyle et al. 2005); (6) total 
apparent magnitude from NED (given with an accuracy of 0.01*") or from our estimates with 
an accuracy of about 0.5"^; (7) galactic extinction in the B band from Schlegel et al. (1998); 
(8) hydrogen mass-to-luminosity ratio in units of the solar mass and luminosity, which does 
not depend on the galaxy distance; (9) morphological type in the de Vaucouleurs numerical 
scale; (10) notes with a description of structural features. In the notes, we also give the 
galaxy names from NED (from the catalogs and lists); in the references to the 2dF, 6dF, 
APM, 2MASS, and other surveys, the galaxy names are given without any coordinate part. 

Figure 1 presents negative DSS images of the four galaxies that we identified with HIPASS 
sources. The galaxies with a low surface brightness are at the center of each image; the image 
size is 6x6 arcmin. 

III. DISCUSSION 

Late-type and low-surface-brightness galaxies prevail among our identifications as 
"residual" with respect to the previous ones. About a quarter of the galaxies are located 
at low Galactic latitudes with extinction Af, > 1.0™. Figure 2 shows the distribution of our 
identified galaxies in hydrogen mass-toluminosity ratio on a logarithmic scale. The Mhj/L 
distribution has a median of I.TMq/L©; half of the entire sample is contained between the 
quartile values (0.9 -r- 2A)Mq/ Lq. For comparison, note that the sample of 752 HIPASS 
BGC galaxies (Koribalski et al. 2004) has a median Mhi/L that is two and a half times 
smaller than that for the galaxies from the table. In Fig. 3, the Mhi/L ratio is plotted 
against the morphological type of the galaxies identified in our survey. As we see, more than 
half of the galaxies belong to the latest types: 10 (Ir), 9 (Im, BCD), and 7, 8 (Sd, Sdm). An 
expected positive correlation with the coefficient R = 0.40 and standard deviation 0.34 is 



The table is published completely only in electronic form and is accessible via ftp cdsarc.u- 
strasbg.fr/pub/cats/ J (130.79.128.5) or http://cdsweb.u-strasbg.fr/pub/cats/J 
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seen between \g{MHi/ L) and T. 

In Fig. 4, the hydrogen mass-to-luminosity ratio is plotted against the observed hydrogen 
line FWHM W50 (Wong et al. 2006) (uncorrected for the slope). As we see from the figure, 
the sources that we identified confirm the well-known fact of a decrease in the hydrogen 
mass fraction from faint (with smaller 1^50) to bright galaxies. Note that all galaxies with 
Mhi/L > 5 lie in the range W50 < 150 km s~^. 

Another expected relationship between \g{MHi/ L) and the absolute magnitude of a 
galaxy MB calculated from its radial velocity with Hq — 72 km s~^ Mpc~^ is shown in 
Fig. 5. The solid line corresponds to the regression 

lg(MWi^) = 0.15(MB + 17.5), (1) 

which reflects the well-known statistical relationships between the hydrogen mass of a galaxy 
and its radius, Mhi oc B? , and between the total luminosity and radius, L cc B?. Hence 
follows the relationship Mhi/L oc L"^/^ , which is almost equivalent to (1). As we see from 
Fig. 5, there is no galaxy with a Mhi/L ratio smaller than 3 ■ Mq/Lq among the dwarf 
galaxies fainter than Bt. Of course, the low accuracy of the BT estimate from DSS images 
introduces an additional scatter on the diagrams. 

Warren et al. (2007) also constructed the relationship Mhi oc Mb for HIPASS galaxies 
and discussed it in connection with the problem of the minimum number of stars that can 
be formed in a dwarf system if it is stable. Considering HIPASS galaxies and invoking four 
known objects with detailed photometry and record high values of Mhi/L > 5Mq/Lq, 
(ESO 215-09, DDO 154, UGCA 292, NGC 3741), these authors found a positive correlation 
between Mhi/L and the luminosity of the galaxies that is almost identical to ours. Warren 
et al. (2007) pointed out the presence of an upper limit on this diagram, 

\g{MHi/L)^^ = 0.20(Mb + 20), (2) 

under which the entire set of galaxies known to date lies. The authors explain the presence 
of this empirical limit as follows. According to Taylor and Webster (2005), the galactic gas 
disk in the absence of an internal stellar radiation field becomes gravothermally unstable, 
which gives rise tomolecular hydrogen even for galaxies with very low baryon masses. The 
fraction of the unstable gas decreases from normal to progressively less massive galaxies. As 
a result, dwarf galaxies become stable at a smaller fraction of the gas transformed into stars. 
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Thus, the presence of the upper limit (2) can be interpreted as the existence of a minimum 
fraction of the baryon mass in a galaxy that must be transformed into stars for the galaxy 
to remain stable against large-scale star formation. 

We can add four more galaxies from the Catalog of Xearby Galaxies (Karachentsev et al. 
2004) with high values of (Mhi/L) to the four mentioned galaxies with record high ratios 
Mhi/L (ESO 215-09 (22), DDO 154 (9.4), UGCA 292 (7.0), and NGC 3741 (5.8)): HolmIX 
(11.0), ESO 564-030 (6.3), PGC 51659 (6.0), and AndIV (21.0). The hydrogen data for 
AndIV were taken from Chengalur et al. (2007). The hydrogen cloud in the Virgo Cluster 
(HI 1225+01) discovered by Giovannelli and Haynes (1989) with signatures of recent star 
formation (Salzer 1992) is also plotted on the diagram of Fig. 5. Based on the results of 
our work, we found ten more galaxies with a high gas content per unit luminosity: J0718- 
09 (6.6), J0727+04 (7.4), J1007-66 (12.4), Leib (19.1), KKSG 47 (7.8), J1549+16 (11.0), 
J1739-51 (10.4), J2011-09 (5.4), J2015+12 (6.6), and ESO 403-036 (5.1). Among them, only 
one galaxy, J1739-51, exceeds significantly the critical condition (2). However, its visual Bt 
estimate needs a photometric improvement. 

Note that our sample includes the unusual dwarf system HIPASS J1123+13 in the nearby 
group around XGC 3628. We identified this HIPASS source with an object of an extremely 
low surface brightness with angular sizes of 1.4' x 0.8' and a total apparent magnitude Bt — 
17.5"*. According to Haynes et al. (1979), an HI filament, which is also barely seen optically, 
extends from this source to the neighboring bright galaxy NGC 3628. Obviously, this exotic 
object, whichwe called "Leib", deserves a more detailed study at various wavelengths. 
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Ta6jiHi],a I: New probable optical identifications of HIPASS sources in the Local Supercluster (N = 



230). 
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Phc. 1: Digitized Sky Survey images of four galaxies identified with HIPASS sources: (a) 
HIPASS J0727+04, (b) HIPASS J1435-17, (c) HIPASS J2011-09, and (d) HIPASS J2149-35. The 
size of each field is 6 x 6 arcmin; north is at the top and east is to the left. 

Phc. 2: Distribution of the identified HIPASS sources in hydrogen mass-to-blue luminosity ratio in 
units of the solar mass and luminosity. 

Phc. 3: Hydrogen mass-to-luminosity ratio versus morphological type for 230 HIPASS sources. 



Phc. 4: Hydrogen mass-to-luminosity ratio versus observed line FWHM W^o for 230 HIPASS sources. 
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Phc. 5: Distribution of the identified HIPASS sources (circles) in absolute magnitude and hydrogen 
mass-to-luminosity ratio. The statistical regression line (1) for them is indicated by the solid straight 
line. Its slope corresponds to the wellknown correlations between the hydrogen mass, radius, and 
luminosity of disk galaxies. Other nearby galaxies with a high HI abundance are indicated by the 
triangles. The dashed line indicates the minimum stellar mass fraction required to maintain the 
gravitational stability of a galaxy according toWarren et al. (2007). The cross marks a typical error 
of our apparent magnitude estimate for the galaxies. 
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